Recently, the development of new NIR fluorescent probes that allow for tissue-selective staining due to their intrinsic chemical structures -instead of using covalently attached targeting moieties such as peptides or antibodies -has emerged as a powerful new approach. 10 Attachment of cationic amino groups substantially increases the water solubility of polyaromatic fluorophores for application as biomarkers. Several examples have been reported, including spermine-functionalized perylene bisimides, 11, 12 perylene bisimides with guanidinium-dendrons, 13 tetraazaperopyrenes containing heterocycles with quaternized nitrogen atoms 14 , multicationic BODIPY dyes, 15 axially di-substituted silicon phthalocyanines, 16 and cyanine dyes. 17 Polyamine-modified probes in their protonated form display high affinity to polyanionic biopolymers -such as nucleic acids and glycosaminoglycans -and are used for the detection of these molecules. 12, 18 In a medical context, an attractive application of polyamine-modified probes is the targeting of cancer cells, 19 as most cancer cells express an overactive polyamine transport system (PTS) and tend to accumulate derivatives of the natural polyamines spermine and spermidine. 20, 21 F14512, a spermine-conjugate of the topoisomerase inhibitor epipodophyllotoxin, has recently completed a phase I clinical trial and is considered as a promising drug candidate for the treatment of acute myeloid leukemia. 22 The structural requirements for effective cellular uptake of polyamine probes, however, remain obscure; only few probes are effectively internalized, either independently from the PTS or in strong correlation with the activity of the latter. 23 Herein, we describe a new polyamine-modified indotricarbocyanine fluorescent probe with absorption and emission maxima in the near-infrared region. This probe is suitable for fluorescence imaging of living cells due to its high extinction coefficient, sufficient quantum yield, excellent water-solubility, and low cytotoxicity under the conditions applied for staining. Additionally, we show that the probe specifically targets living cancer cell lines whereas no accumulation of the dye is observed in non-cancer cells. The double carboxylic acid modified indotricarbocyanine dye backbone 24, 25 1 allows for highly modular chemical conjugation and was thus selected as synthetic platform. In order to evaluate the influence of different chain lengths on cellular uptake, we prepared a series of dye conjugates containing a variation of natural polyamines.
N-boc-putrescine, N 1 ,N 5 -di-boc-spermidine and N 1 ,N 4 ,N 9 -tri-bocspermine were coupled to backbone 1 via amide-bond formation. Subsequent removal of the protecting groups yielded conjugates 2 -4 ( Fig. 1a ; see ESI for synthetic details).
According to previous reports by Winkler et al., 26 coupling of spermine leads to the functional analogue of a spermidine conjugate due to impairment of one NH2 group. Therefore, we additionally prepared conjugate 5 through attachment of the chemically extended spermine derivative N 1 ,N 4 ,N 9 ,N 13 -tetra-boc-1,16-diamino-4,9,13-triazahexadecane. The resulting dye-polyamine conjugates 2 -5 showed very high extinction coefficients (260 000 -285 000 M -1 cm -1 ) and sufficient fluorescence quantum yields (0.10 -0.15) in combination with good solubility in aqueous solutions.
As a first step to characterize the labeling efficiency of the dyes 2 -5 by flow cytometry, we used a cervical carcinoma cell line (HeLa) and treated the cells with 10 µM solutions of the dyes for various amounts of time. The results revealed that conjugate 5 shows the highest staining efficiency while almost no staining was observed for 2 ( Fig. S1 , ESI). Therefore, we selected conjugate 5 for further investigations.
For a comprehensive comparison with 5, the related indotricarbocyanine derivatives 6 and 8 ( Fig. 1) were also prepared. In order to study the influence of the N-connecting alkyl moieties, we prepared 6 which contains a non-natural linear polyamine with the same number of amino groups as in 5 but with shorter -(CH2)n-fragments. Due to the promising results with the "extended" spermine conjugate 5, we also prepared conjugate 8 (Fig. 1b) which contains the same polyamine but the structurally different indotricarbocyanine core 7 ("cypate") 27 that was chosen due to its analogy to the clinically applied compound indocyanine green (see ESI for synthetic procedures).
The photophysical properties of 5, 6 and 8 are summarized in Table 1 . Dyes 5 and 6 show very high molar extinction coefficients and sufficient quantum yields which compare well to the values of related indotricarbocyanines. 28 In line with the data for indocyanine green, 29 the molar absorbance and quantum yield of 8 are significantly lower. In order to investigate the applicability of the polyamine-modified fluorophores in biological samples, we determined the cytotoxicity of the dyes in cells. Therefore, we treated HeLa cells with various concentrations (0 nM to 10 μM) of 5 and 8 for 24 h at 37 °C and measured the intracellular ATP levels. 31 This yielded IC50 values at 5 μM, demonstrating the weak cellular response of the dyes (Fig. S2,  ESI) .
Next, to examine the labeling efficiency of the dyes in living cells, we used various cancer (HeLa and H1650) and non-cancer (hTERT RPE-1 and HDFa) cell lines. Following Hoechst 33342 staining, we incubated the above-mentioned living cells with 10 μM of dye 5 for 5 min at 37 °C and imaged them by fluorescence microscopy. We observed strong staining of the cancer cell lines (Fig. 3) . In contrast, in the non-cancer cells almost no accumulation of the dye was detected (Fig. 3) , suggesting the function of dye 5 as a cancertargeting fluorophore. In addition, as anticipated, derivative 6, which contains the non-natural linear polyamine, did not stain the cells (Fig. S3, ESI) . In order to compare the staining of the cancer and non-cancer cell lines simultaneously, we mixed stably GFP-expressing HeLa cells with HDFa cells in a 1:1 ratio. Following Hoechst 33342 staining, we incubated the cell mixture with 10 μM of 5 for 5 min at 37 °C and imaged by fluorescence microscopy. We observed an almost 100% co-localization (Fig. 4c) of GFP signals coming from HeLa cells (green, Fig. 4a) with dye 5 (red, Fig. 4b ). On the other hand, HDFa cells, which can be seen with their nuclei staining (blue), did not accumulate 5 (Fig. 4b) , as previously observed (Fig. 3) .
In view of potential applications of the dyes in vivo or in blood samples, we incubated HeLa and hTERT RPE-1 cells with solutions of 5 and 8 in pooled human plasma. For 5, we observed a more than five times higher staining efficiency for the cancer cells compared to the non-cancer cells (p=0.009) (Fig. 5a ). In contrast, 8 did not show a pronounced selectivity for one cell line over the other. Similar results were also observed for 8 by fluorescence microscopy (Fig. S4, ESI) . Next, we aimed to clarify the role of an overexpressed PTS in the selective uptake of 5 in cancer cells. Following the inhibition of the PTS in HeLa with benzylviologen 32 for 24 hours, we incubated the cells with 5 and measured the fluorescence intensity by flow cytometry. Inhibition of the PTS resulted in a 62% of reduction of uptake of 5, compared to untreated cells (p=0.002) (Fig. 5b) , confirming the major role of PTS in the uptake of this particular polyamine dye.
Conclusions
In this work, a series of polyamine-modified NIR-fluorescent probes that exhibit advantageous optical properties and good watersolubility were developed. The most interesting candidates contain an "extended" spermine moiety and were subject of further investigations within living cells. While all of the investigated derivatives proved to have low cytotoxicity under the abovementioned treatment conditions, only 5 showed enhanced staining of live cancer cell lines whereas non-cancer cells remained unstained. Additionally, we were able to demonstrate the selective staining of cancer cells in human plasma. In order to broaden the applicability of our system, future experiments will focus on systematic investigations with a variety of cell lines.
With regard to its chemical and optical properties, we consider the development of 5 as an important step towards a simple smallmolecule probe that combines the polyamine-vector triggered, selective uptake by live cancer cells with minimized interference with cellular autofluorescence due to NIR fluorescence. Such probes may facilitate the fluorescence scanning microscopic identification of individual tumor cells in the presence of a large excess of other cells, as required for the quantification of circulating tumor cells in blood samples 33 
